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A B S T R A C T
A well-functioning swine health system is crucial to ensure a sustainable pig production. Yet, little attention has
been paid to understand it. The objective of this study was to unravel the complexity of a swine health system by
using a systems-thinking approach for the case of Flanders (Northern part of Belgium). To that end, qualitative
interviews were held with 33 relevant stakeholders. A hybrid thematic analysis was conducted which consisted
of two phases. First, an inductive thematic analysis was conducted and second, the resulting themes were
classiﬁed into the building blocks of a systemic framework. This framework combined a structural and a
functional analysis that allowed to identify the key actors and their functions. Additionally, a transformational
analysis was performed to evaluate how structures and the entire swine health system enable or disable func-
tions. Findings revealed that the Flemish swine health system presents several merits such as the synchronization
of policies and sector’s agreements to reduce the antimicrobial use in the pig sector and the presence of a rich
network of universities and research institutes that contribute to the education of health professionals.
Nevertheless, several systemic failures were observed at diﬀerent levels such as the lack of a good professional
body representing the swine veterinarians, the tradition that veterinary advice is provided for ‘free’ by feed mill
companies, and the shortage of reliable farm productivity data. Both latter failures may hinder swine practi-
tioners to provide integrative advice. While few veterinarians are remunerated per hour or per visit by farmers,
the most common business model used by veterinarians is largely based on the sale of medicines. Thus, veter-
inarians encounter often a conﬂict of interest when advising on preventive vaccinations and, in turn, farmers
distrust their advice. On a positive note, alternatives to the traditional business model were suggested by both
veterinarians and farmers which may indicate that there is intention to change; however, the broader institu-
tional and socio-cultural environment does not enable this evolution. The results of this study can aid policy
makers to anticipate the eﬀects of proposed interventions and regulations so that they can be ﬁne-tuned before
they are enforced.
1. Introduction
On average Belgian pig production generated €1.5 billion/year
between 2006 and 2013 which renders it the most important livestock
production accounting for about 36% of the livestock value of pro-
duction (Anon., 2015). Besides being an important economic sector,
societal interest in pig production processes and systems relates to
their potential environmental impact and to their impact on food
safety as well as food and nutrition security. With regards to this,
society expects from the swine sector the production of pork that is
safe, sustainable, and aﬀordable, and for this, a well-functioning swine
health system is crucial. A health system is comprised by a set of or-
ganizations, actors and actions whose primary intent is to promote,
restore or maintain health (World health organization, 2007). While
this deﬁnition was conceived for human health systems, livestock
health systems share the same goal. We deﬁne the swine health system
as the set of organizations, enterprises and individuals that is involved
in, inﬂuenced by and/or inﬂuential to the health of pigs and ways to
manage this. The swine health system is further characterized by in-
stitutions (formal and informal rules as well as habits that shape in-
dividual behavior and interactions between actors), infrastructures,
networks, and capabilities. Collectively, the swine health system is
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what drives pig health management on farms. Conceptually, it bears
much resemblance to the concept of Agricultural Innovation Systems
(AIS), which is deﬁned as the network of organizations, enterprises,
and individuals focused on bringing new products, new processes, and
new forms of organization into economic use, together with the in-
stitutions and policies that aﬀect their behavior and performance
(World Bank, 2006). The AIS framework has extensively been used in
order to identify and understand the driving forces of agricultural
innovation and why agricultural production processes evolve in cer-
tain directions and less in others (World Bank, 2006). One central
actor of the swine health system is the veterinarian as he/she delivers
crucial services to the farmer such as diagnosing diseases and deli-
vering medicines to treat and prevent these, performing small sur-
geries, scanning the sows to conﬁrm pregnancy, guiding farmers to
optimize health, production and animal welfare, safeguarding the
absence of disease and public health. While the role of the veter-
inarian has been investigated in the pig sector (Alarcon et al., 2014)
and other livestock sectors such as dairy (Klerkx and Jansen, 2010;
Richens et al., 2015; Duval et al., 2016, 2017) and sheep (Kaler and
Green, 2013; Bellet et al., 2015), it has not yet been attempted to use a
systemic and comprehensive methodology to explore the external
forces that shape pig health management in general and the veter-
inarian-farmer relationship more speciﬁcally. Recently, Poizat et al.
(2017) performed a study which was based on the farming systems
concept. However, a detailed description of the swine health system
that reveals the functioning and interconnectedness among diﬀerent
actors, within and also beyond the farming system is currently lacking.
The complexity of systems is fully recognized by the systems-
thinking approach which arose in the 20th century as an alternative to
the prevailing Cartesian scientiﬁc method by which phenomena are
understood by dividing it into parts. Contrarily, systems-thinking ap-
plies elements of complex adaptive systems theory and, thus, re-
cognizes that systems are dynamic architectures of non-linear counter-
intuitive interactions and synergism unpredictable and resistant to
change, self-organizing, constantly changing, tightly linked, governed
by feedback, history, external society, through laws and regulations,
costumer demands, NGO-pressure and public opinion, as well as tra-
dition dependent (de Savigny and Taghreed, 2009). Systems thinking
approaches have already been used to increase the understanding of
speciﬁc problems such as antibiotic resistance (Tomson and Vlad,
2010), tobacco control (Best et al., 2003), obesity (Wallinga, 2010),
diabetes (Kalim et al., 2006) and malaria (Webster et al., 2013).
However, to-date little attention has been paid to comprehensively
describe a whole health system by applying a systems thinking ap-
proach.
While WHO proposed a systemic framework to describe health
systems (de Savigny and Taghreed, 2009), this fails to fully recognize
the broad context where health systems are embedded. On the other
hand, this element has been incorporated in several AIS frameworks.
Recently, Lamprinopoulou et al. (2014) developed a framework
comprised of a micro- and a macro-level analysis. The former consists
of a structural and a functional analysis which are further examined to
identify failures and merits. In the macro-level analysis, the func-
tioning of the entire system is explored by evaluating to what extent
its basic structural components and functions are suﬃciently co-
ordinated, aligned, and harmonized. The above mentioned framework
was used as a means to operationalize the objective of the present
study namely to comprehensively decipher the complexity of a swine
health system. To that end, Flanders (northern part of Belgium) was
used as a case, and qualitative interviews were held with 33 relevant
stakeholders. The validity of the results of the qualitative data analysis
was assessed by triangulation, a technique used to facilitate data va-
lidation by cross-veriﬁcation from diﬀerent data sources. In our case,
the data that originated from interviews with actors in the swine
health system were validated through document analysis and expert
consultation.
2. Materials and methods
2.1. Overall procedure, selection of participants, and the conduct of
interviews
In total 29 interviews with 33 interviewees were held between
October 2016 and January 2017. The number of interviewees was de-
termined by the concept of saturation which is extensively used in
qualitative studies. Reaching saturation means that no new information
is retrieved when more interviews are performed, after which the
sample size is considered ﬁnal (Bryman, 2012). Sampling started with
the so-called key informants, participants who have a broad knowledge
on the topic. Thus, during this ﬁrst series of interviews, key informants
were interviewed to set up the scene and understand the composition of
the current swine health advisory system in Flanders. These key in-
formants were found using our personal network of acquaintances and
using snow ball sampling by asking them to suggest other key in-
formants. The group of key informants (n= 9) was constituted of four
veterinarians (two independent herd veterinarians, one veterinarian
working for Animal Health Care Flanders (DGZ), and one veterinarian
working for a pharmaceutical company), two scholars, one re-
presentative of a Flemish farmers’ union, two governmental knowledge
brokers whose function is organizing seminars for involved stake-
holders in the pig production sector. During this ﬁrst series of inter-
views, the main goal was to map and analyze the broad swine health
system and more speciﬁcally to identify all types of actors within the
swine health system, i.e. all types of actors with a vested interest in
and/or a potential inﬂuence on the management of pig health. In a
second series of interviews, 24 respondents were deliberately selected
from those diﬀerent actors’ groups. The sample size was determined
based on the concept of data saturation: new respondents were selected
until no new information was generated (Bryman, 2012). These re-
spondents were either nominated by previous interviewees (i.e. snow-
ball sampling) or were found by using our network of acquaintances. As
we wanted to provide a holistic overview of the swine health system we
did not set many exclusion criteria for the respondents. Farmers could
be selected from the three main kinds of pig farms present in Flanders:
breeding, farrow-to-ﬁnish and ﬁnishing farms, hence excluding those
farms whose main production is not pigs (i.e. mixed farms which be-
sides farming pigs also farm other livestock species or crops from which
they derived the major part of their income). The diﬀerent types of
veterinarians interviewed were chosen from veterinarians working with
pigs, so excluding those who are mainly working in cattle, poultry or
other animal species. The distribution of the diﬀerent actors inter-
viewed in both series of interviews is presented in Table 1. Most in-
terviews were one-to-one or two-to-one, yet, three interviews were
group interviews where more than one respondent was interviewed
simultaneously. The duration of the interviews was on average 1 h
23min (minimum=38min, maximum=2 h 5min).
The objectives of the study were explained twice to all respondents,
the ﬁrst time being when they were invited for participation, the second
time at the start of the interview. All interviews were recorded and a
written consent was given by the interviewees in which they gave
permission for the recording and the use of all information, and in
which the interviewer ensured that privacy was guaranteed.
We used qualitative interviews as a means to try to understand the
interviewee’s world from their point of view and to reveal the meaning
of central themes in their world. The objective of qualitative interviews
is understanding rather than measuring (Bryman, 2012). During the
interviews, the interviewer(s) encouraged the interviewee to use their
own words to describe their experiences and feelings. The main role of
the interviewer was to focus the interview on themes of interest for our
study using open questions. In the ﬁrst series of interviews, the themes
were limited to our preliminary understanding of the components of the
swine health system, such as the types and roles of the actors involved,
the interaction between diﬀerent actors, practices, and habits of
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diﬀerent actors as well as factors that drive them. Fig. 1 provides a
summary of the interview guide used to elicit information from key-
informants and the speciﬁc questions can be found in Appendix A in
Supplementary material. Fig. 2 provides a summary of the interview
guide used with herd veterinarians and Appendix B in Supplementary
material provides the detailed interview guide. A summary of the in-
terview guide used with veterinarians working for feed mills and other
technical advisors (i.e. veterinarians working for pharmaceutical com-
panies, and independent advisors) is provided in Fig. 3. Appendix C in
Supplementary material provides the detailed interview guide used.
Fig. 4 oﬀers a summary of the questions included in the interview guide
used to elicit information from pig farmers. A more detailed version of
this interview guide is oﬀered in Appendix D in Supplementary mate-
rial. Despite that each interview was conducted with the interview
guide, new themes were developed during the process of data collection
and further included in later interviews. Nonetheless, the interviewee
directed the course of the interview based on his/her experience and
not all themes were explored in the same depth in all interviews that
depended on the interviewees experience and to what extent they were
prepared to open up and disclose information about their experiences to
the interviewer. The interviews were ﬂexible, allowing in turn, to ex-
plore emergent issues that were not in the original interview guide but
were raised by the interviewees. In addition, in order to get richer data
at the end of the interview, the interviewer gave the interviewee the
chance to add his(her) insights on relevant issues that were left un-
addressed during the interview.
All interviews except one, were transcribed ad verbatim. This one
interview was performed through telephone and the call quality was
not constant throughout the call. Consequently, during the interview,
notes were taken which were then complemented with an additional
summary written after re-hearing the audio several times. These notes
were subsequently used in the analysis, which is explained in the next
section. After analyzing the data of the interviews, a ﬁrst draft of results
was prepared which was triangulated using document analysis (Bowen,
2009) by a content analysis of policy documents, legal texts, scientiﬁc,
and popular articles on the one hand and expert consultation on the
other. The experts consulted do not have any business activity within
the sector neither a vested interest. We consulted mostly experts with
legal experience in veterinary legislation and researchers with experi-
ence in the pig sector. Both the document analysis and the expert
consultation served as a validity check of the obtained data.
2.2. Hybrid thematic analysis
Our qualitative analysis was underpinned by an interpretivist
paradigm that assumes that people seek understanding of the world in
which they live (Dyson and Brown, 2006). Meaning is created by in-
dividuals and reality is socially constructed (Dyson and Brown, 2006).
The epistemology of this reality requires understanding the multiple
views of people in a particular situation. The research process between
data collection and analysis is iterative (Petty et al., 2012). The ques-
tions are kept broad and general in order to leave room to the inter-
viewee to construct the meaning of a situation (Creswell, 2007). Within
interpretivism the researchers acknowledge that their own experiences,
background, and subjectivity inﬂuence and shape their interpretation of
the qualitative data and this becomes part of the research process and it
is referred to as reﬂexivity (Petty et al., 2012). The intent of the re-
searcher is to make sense (i.e. interpret) out of the meanings that others
have about the world (Creswell, 2007). The interpretation of the
worldviews held by individuals leads to patterns. The researcher builds
inductively patterns, themes, and categories from the data. Knowledge
generated from the research is co-constructed by the participants and
researcher (Petty et al., 2012).
After anonymization of the interviews’ transcripts, a Thematic
Analysis (TA) (Braun and Clarke, 2006) was conducted. TA is a meth-
odology used to identify, analyze, and report themes within qualitative
data which allows to ﬁnd patterns within a rich, complex, and frag-
mented amount of data (Braun and Clarke, 2006). In addition, TA can
be used with diﬀerent theoretical frameworks. In the present study a
hybrid TA was conducted which consisted of inductive and deductive
TA to interpret the raw data (Fereday and Muir-Cochrane, 2006). In
other words, the methodology combined both data-driven codes (in-
ductive) that were classiﬁed into theory-driven ones (deductive) based
on a previously developed systemic framework originally used to ex-
plore AIS (Lamprinopoulou et al., 2014). The use of this framework
provided a skeleton to structure the inductive themes.
First, the inductive TA was an iterative process which consisted of
reading and re-reading the transcripts of the interviews in order to get
familiarized with the content. Patterns which were considered inter-
esting for our research objectives and being frequently embedded on
the transcripts of the interviews were then systematically coded using
general non-overlapping codes. Both the inductive and the deductive
TA were semantic in the sense that the themes were identiﬁed within
the explicit meaning of the data and we did not search for meanings
beyond what the interviewee said (Braun and Clarke, 2006). The goal of
our study was to use the data to provide a detailed picture of the current
Flemish swine health system. Data saturation of the codes was assessed.
Themes and sub-themes were generated after reviewing the codes. The
Table 1
Distribution of actors interviewed and their characteristics.
Type of interviewee N Male Female Years of experience
Veterinariansa 18
Herd veterinarianb,c 9 8 1 26 (min=11,
max > 35)
Administrative staﬀ at veterinary
practice
1 / 1 32
Location of the veterinary practiced
West Flanders 6 / /
Antwerp 1 / /
Limburg 1 / /
Veterinarian working for a
pharmaceutical company
4 3 1 2
Veterinarian working for DGZe 2 1 1 10
Independent advisor 2 2 / 9
Pig farmersf,g 10 8 2 18.2 (min= 5,
max= 31)
Type of farmsh
Closed farms 8 / /
Finishing farms 1 / /
Location of the farm
West Flanders 3 / /
East Flanders 2 / /
Antwerp 2 / /
Limburg 2 / /
Other actors 5
Representative farmers’ union 1 1 / 4
Representative governmental
agencies
2 / 2 8.5 (min= 4,
max= 13)
Scholar 2 2 / 11.5 (min= 10,
max= 13)
Total number of interviewees 33
a It also includes one person working as administrative personnel at the veterinary
practice.
b The practice size was in average three (min= 1, max= 8).
c Out of the nine herd veterinarians, six veterinarians were also providing services to
feed mills, one veterinarian was providing services to an artiﬁcial insemination center,
and one veterinarian was working for a breeding company.
d The number of practices (8) does not match with the number of herd veterinarians (9)
because two interviewed herd veterinarians were working at the same practice.
e Animal Health Care Flanders.
f Average number of sows= 425 and average number of ﬁnishers= 3703.
g Six farm managers bought feed from a feed mill company or a pre-mixer and three
farm managers produced most of the feed consumed in their farms.
h The total number of farms (9) does not match the number of farmers interviewed (10)
because one interview was a group interview with the farmer and the farmer’s wife who
also worked in the farm.
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TA was operationalized by using NVIVO 11.0 software (NVivo quali-
tative data analysis Software; QSR International Pty Ltd. Version 11,
2015).
Second, to structure the inductive themes an integrative framework
grounded on a systems thinking approach (Lamprinopoulou et al.,
2014) was applied. The key feature of a systems thinking approach is
that it recognizes that changes are the result of an interaction and a co-
evolutionary process where a wider network of actors are engaged, with
the speed and direction of changes inﬂuenced by the broader social,
historical, and institutional environment (Bergek et al., 2008). Fig. 5
displays the integrative analytical framework used in the present study
which consists of two parts: (i) the micro-level and (ii) the macro-level
analysis (Lamprinopoulou et al., 2014). The former consisted of a
structural and functional analysis, and the latter involved a transfor-
mational analysis.
In the ﬁrst step a structural and functional analyses were performed.
The goal of a structural analysis is to categorize actors. We classiﬁed the
actors and institutions of the swine health system in four categories
derived from a role analysis for each of the actors: (i) the business
domain, (ii) the policy domain, (iii) the education and research domain,
(iv) the intermediary domain (Fig. 6). The policy domain includes
policy at three levels: European, Belgian federal government, and
Flemish government. The business domain consists of four diﬀerent
building blocks: (i) health workforce and (ii) other technical advisors
which are not directly involved with health issues, but whose advice
has an indirect eﬀect on pigs’ health; (iii) companies which provide
technical and health advice as well as products, and (iv) the farmer who
is the end user of these services and products. The research and edu-
cation domain is constituted by diﬀerent education institutions that
train several actors of the swine health system such as veterinarians,
Fig. 1. Summary of the interview guide used to elicit information from key informants.
Fig. 2. Summary of the interview guide used to elicit information from swine herd veterinarians.
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other technical advisors, and farmers. Further, next to business such as
pharmaceutical companies, the research and education domain are the
knowledge-producing actor related to pig production and pig health. In
addition, the research domain consists of several research institutions
that have often links with actors from the business domain. The inter-
mediary domain is comprised by a wide array of organizations which
have an inﬂuence in the policy domain as some of these agencies advise
directly the government and perform obligatory governmental activ-
ities. Furthermore, the intermediary domain also inﬂuences the busi-
ness domain as well as the research and education domain as these are
sometimes linked with research institutions and actors from the busi-
ness domain by designing and conducting research projects and
awareness campaigns.
A functional analysis seeks to understand how actors within the
system, and the structural characteristics of the system perform the
diﬀerent functions that a swine health system carries out. Based on
literature and common understanding, we have identiﬁed the functions
of a swine health system as (1) to improve, maintain, and/or restore pig
health; (2) safeguard the safety and quality of the pork meat; (3) secure
pork production that is aﬀordable for the consumer; (4) ensuring
proﬁtability for actors while being environmentally conscious and
portraying a good image in front of consumers (Fig. 5). We used the
data to assess how and how well actors and the structural character-
istics of the pig health system contributed to all the functions. In a
second step, we explored diﬀerent failures and merits which respec-
tively facilitate or inhibit the diﬀerent domains of actors, structures or
the market to fulﬁll the health systems functions (Lamprinopoulou
et al., 2014). The failures and merits of the following components of the
Fig. 3. Summary of the interview guide used to elicit information from veterinarians working for pharmaceutical companies, feed mills and independent advisors providing services to pig
farmers.
Fig. 4. Summary of the interview guide used to elicit information from pig farmers.
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Flemish swine health system were assessed: i) knowledge infra-
structure, ii) physical infrastructure, iii) funding infrastructure, iv) hard
institutions/formal institutions (e.g. laws, regulations), v) soft institu-
tions/informal institutions (e.g. norm, values, implicit rules of the
game), vi) weak and strong networks, vii) capabilities, viii) market
structure. In the last step, the so-called macro level, a transformational
analysis was conducted which investigated how the entire health
system, and also the components of the system, adapt to emerging
challenges (Braun and Clarke, 2006). In the third step of the deductive
thematic analysis, we performed a macro-level transformational ana-
lysis. This is conducted by evaluating the failures and merits of four
diﬀerent aspects: i) directionality that deals with whether there is a
consensus among the collective priorities of the actors (Weber and
Rohracher, 2012), ii) policy coordination refers to the level of co-
herence and synchronization of policy (Weber and Rohracher, 2012),
iii) demand articulation is concerned with how well the needs of the
user are anticipated (Weber and Rohracher, 2012), iv) reﬂexivity refers
to what extent the system is able to engage actors in a self-governance
process to check how the progress adequate the transformational goals
and ﬁnally prepare for and develop an adaptation strategy (Weber and
Rohracher, 2012).
3. Results
The integrative systemic framework proposed by Lamprinopoulou
et al. (2014) served to present the results of the inductive TA in a
structured manner. For the sake of clarity of exposition, the themes are
presented following the order of the building blocks of the systemic
framework depicted in Fig. 5. First, the structural and functional ana-
lysis are described. Second, the results of the merit and failure analyses
at the structural, functional and systemic level are provided. Last, the
transformational analysis is presented.
3.1. Structural and functional analysis
Fig. 6 displays the 4 structural elements into which actors were
classiﬁed and are further detailed below.
3.1.1. Business domain
3.1.1.1. Health workforce. The herd veterinarian has a central
position as (s)he must promote animal health and welfare as well as
safeguard public health. The ﬁgure of the herd veterinarian is
regulated by law that obliges farmers to have a contract with a
Fig. 5. Integrated framework used to classify the data-driven themes derived from the inductive thematic analysis (adapted from Lamprinopoulou et al. (2014)).
Fig. 6. Building blocks representing the
structure of the swine health system in
Flanders.
aAnimal Health Care Flanders; bArtiﬁcial
insemination Centre; cFederal Agency for the
Safety of the Food Chain; dFederal Public
service Health, Food Chain Safety,
Environment; eVeterinary and Agronomical
Research Centre; fCentre of Expertise on
Antimicrobial Consumption and Resistance
in animals; gDutch speaking Supreme
Council of Veterinarians.
*Only Ghent University and University of
Liège oﬀer the full Veterinary Medicine stu-
dies (Bachelor and MSc), while University of
Antwerp oﬀers only the Bachelor in
Veterinary Medicine.
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veterinarian who is responsible for the epidemiological surveillance
activities (Belgian Gazette, 1995) which are paid by the federal
government (through the Federal Agency for the Safety of the Food
Chain (FASFC)) through DGZ. These surveillance tasks are: (i) the
oﬃcial quarterly health veterinary visits to guarantee the absence of
disease for which they receive approximately €32/visit (Belgian
Gazette, 1995) and (ii) the yearly collection of blood samples to
ensure the absence of Aujeszky disease (the European Commission
declared Belgium free of Aujsezky in 2011) for which they receive €4/
blood sample (Belgian Gazette, 2013). Consequently, these
governmental obligations contribute to the veterinarians’ income.
Besides the epidemiological obligatory contract, pig farmers can
choose to have a voluntary guidance contract with their herd
veterinarian (Belgian Gazette, 2000). In this case, the guidance
veterinarian is responsible for the following set of activities: (i)
providing information, (ii) advice, and (iii) supervision, (iv) assessing
health status, (v) preventing, and (vi) treating diseases to obtain an
optimal and scientiﬁcally sound health status of the pig herd. The
veterinarian must visit the farm quarterly and have a clinical inspection
of all the animals registered and collect samples of those animals
showing disease symptoms. The results of this visit should be written in
a report. In addition, this veterinarian is obliged to visit the farm at
least six times per year with a maximum interval of time of two months
between two visits. If the farmer chooses to have a guidance contract,
medication can be delivered for a maximum of two months (Belgian
Gazette, 2000); while if this is not the case, medication can only be
delivered for a maximum of three weeks (Belgian Gazette, 2016). In
Belgium medicines used to prevent and treat disease are prescribed and
sold by the veterinarian. The sale of medicines represents, depending on
the veterinarian, 50% up to two thirds of their total income. Another
important part of the income stems from health and production
monitoring activities (e.g. ultrasonographies or measuring back fat
levels in the sows) as well as providing advice to the farmer. These
services are almost always paid by a third-party organization (e.g. feed
mill, genetic company, artiﬁcial insemination center) which is very
often the feed mill.
The feed mill veterinarian provides advice with regards to the
productivity such as monitoring activities (e.g. ultrasonographies or
measuring back fat levels in the sows). Most of them work in an in-
dependent practice. This independent practice may have farmer clients
who are clients or not from the feed mill for which the veterinarian
works. By working in an independent practice, the veterinarians
working for the feed mill are also entitled to prescribe and deliver
medicines. If the veterinarian is working for a feed mill that is an in-
tegrator that owns farms, then this veterinarian will not only monitor
productivity, but will also be responsible for all the health management
of the farm such as for the treatments, vaccination schemes, and also
obligatory farm visits.
Veterinarians working for pharmaceutical companies oﬀer support
concerning their products (e.g. vaccines, fertility hormones) to the herd
veterinarian. In this sense, pharmaceutical companies usually provide
diagnostic analysis (e.g. serology, visits to the slaughterhouse to
monitor the eﬀect of a vaccination, etc.) for free, or at least for a much
lower price than the market one, as a marketing tool to sell their pro-
ducts.
Second line and third line advice are provided by veterinarians
working for DGZ and swine veterinarians from the Unit of Porcine
Health Management of the Faculty of Veterinary Medicine of Ghent
University upon request of herd veterinarians. In addition, herd ve-
terinarians can contact DGZ veterinarians to engage their farmer cli-
ents with certain national monitoring programs (e.g. health monitor for
piglets) that are ﬁnanced by the sanitary funds.1
3.1.1.2. Other technical advisors. Technical health advisors also provide
advice to farmers, after they request it, about nutrition, housing,
breeding, ventilation and/or climate and, in turn, they get
remunerated per hour working on the farm. Some of them are
independent, while others are contracted by companies such as feed
compound companies that sell raw materials (soya, corn, wheat, etc.),
breeding companies, etc.
3.1.1.3. Companies. Pharmaceutical companies have a key role in
developing, manufacturing, distributing, and supporting products to
cure and prevent pig diseases. Their research and development eﬀorts
have been focused on developing diﬀerent sort of vaccines, rather than
to develop new antibiotics. In Belgium, most of the swine
pharmaceutical products are sold to pharmaceuticals wholesalers
from which veterinarians purchase them.
Interviewees repeatedly stated that, given the size of the Belgian
livestock sector, there are many feed mills. This can be corroborated by
comparing the Belgian and the Dutch feed mill industry. The
Netherlands counts half the number of feed mills than in Belgium. The
Dutch feed mills produce approximately 140% more feed for twice as
many pigs than in Belgium (Table 2). This is an indication of the high
level of division that exists in the feed mill industry in Belgium. Because
there are many feed mills for a relatively small number of farms
(Table 2), there is a high competition amongst Flemish feed mills to
retain their pig farmer clients whose number decreased by 19% be-
tween 2010 and 2015 (own calculation, data not shown). While the
core business of feed mills is the production of animal feed, to remain
competitive they are also providing free ancillary services since 20–30
years ago. These include the veterinarian’s advice on productivity and
health issues, administrative support to apply for subsidies, and
managing manure processing. Some feed mills are integrator compa-
nies.
Breeding companies provide gilts and/or boars of a speciﬁc breed to
the farmer and also have technical advisors providing technical support
for their products. Artiﬁcial insemination centers sell semen and also
provide technical support with it. Ventilation companies sell air
washers, fans, etc. which are sold by technical advisors working on the
ﬁeld.
Slaughterhouses set weight limits for the slaughtered pigs. Should
they not be respected, ﬁnancial penalties for underweight or over-
weight pigs are incurred by the farmer. These limits have an inﬂuence
Table 2
Number of pigs, number of pig farms, amount of pig feed produced (in tons) and number
of feed mills in the Netherlands and Belgium in 2016.
# pig
farms




The Netherlands 4,508a 12,478,594a 5,132,000b 93c
Belgium 3,977d 6,178,890d,e 3,500,000e,f 179f,g
a Dutch Central Bureau of Statistics (Centraal Bureau voor Statistiek), http://statline.cbs.
nl/StatWeb/publication/?PA=80780NED&D1=500-517%2c538%2c542%2c550&D2=0&
D3=0%2c5%2c(l-2)%2c(l-1)%2cl&HDR=G1%2cG2&STB=T (accessed 9 January 2018).
b European Feed Manufacturers’ Federation (FEFAC), Feed and Food statistical year
2016, http://www.fefac.eu/ﬁles/79278.pdf (accessed 9 January 2018).
c The Dutch Feed industry association, Nevedi, https://www.nevedi.nl/vereniging/
leden (accessed 12 January 2018).
d This data only shows the amount of pig farms in Flanders data from Belgian bureau of
Statistics (FOD economie landbouwtelling for 2016 FOD Economie – De Algemene
Directie Statistiek).
e Belgian Agricultural data (Landbouw Gegevens, FOD economie, KMO, middenstand
en Energie), http://statbel.fgov.be/nl/modules/publications/statistiques/economie/
downloads/agriculture_-_chiﬀres_agricoles_de_2017.jsp (accessed 12 January 2018).
f European Feed Manufacturers’ Federation (FEFAC), Feed and Food statistical year,
http://www.fefac.eu/ﬁles/79278.pdf (accessed 9 January 2018).
g Anon. (2017a), BEFA member list. http://www.bemefa.be/MembersList.aspx (ac-
cessed 18 September 2017).
1 Farmers must pay a yearly contribution to the sanitary funds which act as an in-
surance that would cover costs in case of an outbreak.
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on the management of the pigs. Furthermore, retail has also leverage on
the management of the pigs by obliging pig farmers to use certain
products or certain practices during the production. In particular, since
2010 several supermarkets in Belgium (Colruyt™, Lidl™, Carrefour™,
DelHaize™), do not buy surgically castrated pigs, so pig farmers need to
either sell entire males or immunologically castrated males against boar
taint.
3.1.1.4. The end-user: the pig farmer. Table 3 oﬀers a quantitative
description of the structure of the Flemish pig sector. The majority of
pig farms in Flanders are family owned (75%), but diﬀerent degrees of
integrated pig production also exist. The latter became more common
after the crisis that aﬀected the pig sector in Belgium between 2014 and
2016, and as a consequence, 29% of the pig farmers were indebted with
the feed mill and 9% of the pig farmers decided to be integrated with
diﬀerent kind of integrators which in 46% of the times is the feed mill
(Deuninck et al., 2017). Farms that are partially or totally integrated
are usually provided with health services by a veterinarian from the
integrator. Whereas family farms are responsible to pay for their own
veterinarian. The farmer can directly contact the herd veterinarian
and the feed mill veterinarian who are regarded as the most important
advisors performing complementary activities. The herd veterinarian
is considered the main advisor about health issues, while the advice of
the feed mill veterinarian is mostly concerned with productivity issues.
In addition, other pig farmers are also sometimes crucial inﬂuencers on
the decisions taken at the farm as they exchange information through
social networks, farmers’ meetings, etc. Given that the farmer is
responsible for the animals, (s)he is a crucial decision maker with
regards to the pig health management who has the last word with
regards to when, for what, and from who to seek for help. Furthermore,
(s)he decides to what extent (s)he will implement the advice provided
by diﬀerent advisors.
3.1.2. Policy domain
Flanders is a region of the Federal state of Belgium. The Federal
government lays down the regulations with regards to pig health such
as the obligatory and voluntary contracts between the pig farmer and
the veterinarian (Belgian Gazette, 1995, 2000), the speciﬁcs about the
Aujezsky disease monitoring (Belgian Gazette, 2013), the regulation
concerning the use of critically important antimicrobials (Belgian
Gazette, 2016). The regional government of Flanders is responsible for
agriculture and livestock production, and lays down the regulations
with regards to ammonia emission (Belgian Gazette, 2011), and other
environmental externalities resulting from pig farming. In addition, it
regulates and enforces animal welfare legislation, such as the group
housing of sows which became obligatory since 2013 in all countries of
the EU.
3.1.3. Education and research domain
Flemish veterinarians get trained at one of the three Belgian ve-
terinary faculties: (i) Ghent University, (ii) University of Antwerp, (iii)
University of Liège. Only the ﬁrst and the last one oﬀer the full studies
(i.e. graduate and post-graduate degrees). In addition, research on pig
health issues is conducted by the Pig Health Unit of the Veterinary
Table 3
Quantitative description of the Flemish pig sector.
% # Average # of sows Average # of ﬁnishers Average # of piglets
Pig farms in Flanders – 3,977a 93.46a 968.16a 385.76a
Type of farms
Farrowing – 256a 275.58a – 947.22a
Farrowing-to-ﬁnishing – 1,488a 206.08a 1,226.93a 770.56a
Finishing – 2,253a – 898.67a 72.80a









Feed mill (%) 46b – – – –
Other farmer 40b – – – –
Trader 14b – – – –
Type of contract (%)
Per animal including the buildingsc 36b – – – –
Per animal excluding the buildingsd 21b – – – –
Per month/day including the buildingse 17b – – – –
Per month/day excluding the buildingsf 3b – – – –
Price guarantyg 18b – – – –
Renting the builidingsh 4b – – – –
Other 1b – – – –
Amount paid
Fixed amounti 79b
Dependent on goals attainedj 20b
Other 1b
a Data from Belgian bureau of Statistics (FOD economie landbouwtelling for 2016 FOD Economie – De Algemene Directie Statistiek).
b Data from a survey conducted in 2016 by Deuninck et al. (2017).
c Farmers that have a contract with an integrator company from which they get a remuneration per animal and for renting the building.
d Farmers that have a contract with an integrator company from which they get a remuneration per animal only.
e Farmers that have a contract with an integrator company from which they get a remuneration per month or per day and for renting the building.
f Farmers that have a contract with an integrator company from which the get a remuneration per month or per day.
g Farmers which get a ﬁxed price for their animals at the end of the production period.
h Farmers who rent the stables to the integrator.
i The amount that the integrator pays to the farmer is ﬁxed and agreed beforehand.
j The amount that the integrator pays to the farmer is dependent on the goals attained.
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Faculty of Ghent University which works often together with the
Epidemiology Unit of the same faculty.
There are also several faculties across Flanders oﬀering studies in
bioengineering, pharmacy and biomedical sciences which train other
technical advisors. Some farmers are trained in professional agricultural
schools. There is a tendency that younger farmers have followed some
sort of farming education.
The Flanders Research Institute for Agriculture and Fisheries con-
ducts research about several issues related to pig production including
health, welfare, productivity, and it is involved with the sector.
3.1.4. Intermediary domain
The Federal government disposes of 3 agencies which act as inter-
mediaries between the policy, the business, and the research domain:
(i) the Federal Agency for the Safety of the Food Chain (FASFC), (ii) the
Federal Public Service Health, Food Chain Safety, Environment (FPS),
(iii) Veterinary and Agronomical Research Centre (VARC). The ﬁrst is
responsible to ensure the safety of animal products, the second is re-
sponsible for several duties such as the collection of the sanitary funds,
the third performs national surveillance programs (e.g. antimicrobial
resistance). In addition, the Dutch Speaking supreme council of veter-
inarians (NGROD is its Flemish acronym and will be referred to as such
in the remaining of the paper) also advises the government and inﬂu-
ences the health workforce domain. The NGROD is the licensing body
for veterinarians in Flanders and it guards the credibility of the veter-
inary profession; and this is exercised by adhering to the code of con-
duct of veterinarians (Belgian Gazette, 2012). In this sense, the NGROD
supervises compliance with ethics of duty and has disciplinary au-
thority.
DGZ is a non-proﬁt organization ﬁnanced by farmers and by the
FASFC. The later has delegated some obligatory activities such as health
monitoring, laboratory analysis of blood samples to conﬁrm the ab-
sence of Aujeszky disease, identiﬁcation and registration of farms and
animals. DGZ mission is to act as a bridge organization between the
government and farmers as well as to support the relationship between
the farmer and the veterinarian.
In 2012 AMCRA (the centre for expertise on antimicrobial con-
sumption and resistance in animals) was founded to achieve a reduction
in veterinary antimicrobial use. AMCRA is ﬁnanced by the Federal
government and by some sectors such as the pharmaceutical industry,
the feed mills industry, the farmers associations, Ghent University, and
the Flemish Veterinary union (VDV is its Flemish acronym).
Several provincial research stations provide extension services for
pig farmers with regards to several topics such as ammonia emission,
energy use, water quality. These research stations facilitate the co-
operation among diﬀerent farmers to share their productivity para-
meters.
Professional unions such as farmer’s and veterinarian’s unions play
an important role by defending the interests of their members. There
are two main farmer’s unions in Flanders: (i) Boerenbond, and (ii)
Algemeen Boerensyndicaat. In addition, the Flemish Producer
Organization of Pig Farmers has been recently founded. Similarly, two
main Flemish veterinary unions exist: (i) VDV and (ii) the Interests of
Veterinarians (VDB is its Flemish acronym). Furthermore, the Belgian
Feed Association (BFA) defends the interests of their feed mill compa-
nies’ members and represents them at the regional, national, and in-
ternational level.
NGOs that lobby for higher animal welfare standards exist in
Belgium and inform interested consumers about production and
slaughter practices. They strive for production practices with higher
animal welfare standards. In addition, consumer organizations seek to
protect consumers and since a couple of years have voiced their con-
cerns with regards to antibiotic use in intensive farming systems.
Societal pressure, partly instigated from and channelled through NGOs,
have resulted in several public standards for animal welfare and pro-
duction practices on the one hand, and have also induced processors
and retailers to set up private standards, sometimes with above-legal
requirements regarding animal welfare, drug use, and production
practices. Although a direct link between these standards and health
(management) on pig farms is diﬃcult to prove, most experts agree that
it has inﬂuenced health (management) in some way.
Certifying labels play an important role on the Flemish swine health
system. For instance, Certus™ obliges since 2014 all their certiﬁed
producers to register all the used antibiotics and Zinc Oxide by the
veterinarian, feed mill companies, and pharmacists at the AB register
database™. This sector agreement started two years earlier than when
the government enforced a decree to support the reduction in veter-
inary antimicrobial use (Belgian Gazette, 2016). Many Belgian super-
markets only purchase carcasses of pigs from certiﬁed Certus™ produ-
cers. The Certus™ label is managed by the non-proﬁt organization
Belpork™.
Fig. 7 shows the network of relationships, ﬂows of money and ac-
tivities, regulation setting between the actors from the business domain,
the policy domain, the research and education domain as well as the
intermediary domain.
3.1.4.1. Health declarations. Diﬀerent health declarations are used in
Belgium to guarantee the absence of diseases to buyers of animals and/
or semen. However, complying with this health declarations is only
voluntary and above legal requirements. These health declarations are:
(i) Health monitor for gilts; (ii) Health monitor for pig farms; (iii)
Health monitor for piglets; (iv) Certiﬁcate PRRS-free for Artiﬁcial
Insemination centers; (v) Certiﬁcate scabies free; (vi) Certiﬁcate
Pasteurella-screened; (vii) CodiplanPLUS certiﬁcate. The ﬁrst six
monitoring programs and certiﬁcates are managed by Animal Health
Care Flanders (DGZ). The last one is managed by a non-proﬁt
organization called Codiplan that certiﬁes the primary sector. The
following paragraphs provide a summary of the diﬀerent health
declarations listed above.
The health monitor for gilts (http://www.dgz.be/programma/
gezondheidsmonitor-gelten) is aimed at breeding farms. Before a farm
can participate, 60 pooled samples of manure need to be negative to
Brachyspira spp. This system consists of three screenings per year in
which samples are taken by the herd veterinarian and checked for
porcine reproductive and respiratory syndrome (PRRS), porcine circo-
virus 2 (PCV2), Mycoplasma hyopneumoniae, Brachysipira hyodisenteriae
and Brachyspira pilosicoli. After every screening the farmer and herd
veterinarian receive a report. If the report shows negative results,
these are valid for ﬁve months and can be used by the breeding site as a
declaration of health for buyers.
The health monitor for pig farms (http://www.dgz.be/programma/
gezondheidsmonitor-varkensbedrijf) consists of two parts. The ﬁrst part
is focused on the own sows and other pigs and the second part is fo-
cused on the newly purchased breeding stock. The ﬁrst part consists of a
screening occurring twice per year. This screening is divided in three
diﬀerent bundles. The ﬁrst bundle consists of checking the presence of
antibodies in blood for PRRS and the presence of PCV2 on ﬁve animals
either piglets at the end of the nursery period or ﬁnishers at the end of
the ﬁnishing period. Bundle two is focused on respiratory diseases for
which the blood antibodies of ﬁve pigs (either ﬁnishers at the end of the
ﬁnishing period or sows) are checked for Actinobacillus plueur-
opneumoniae, Mycoplasma hyopneumoniae and Inﬂuenza. The third
bundle aims at detecting intestinal problems linked with proliferative
enteropathy (PPE) in ﬁve pigs (either ﬁnishing pigs at the end of the
ﬁnishing period or sows). The purchase protocol consists of taking
samples of three gilts out of all purchased gilts. These samples are
subjected to the three abovementioned bundles and are also tested for
Brachyspira spp.
The health monitor for piglets (https://www.dgz.be/programma/
biggenmonitor) consists of two screenings per year when blood samples
are extracted from 30 piglets (ten piglets of four weeks, ten piglets of
eight weeks, and ten piglets of 12 weeks) to check the presence of
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antibodies and the virus of PRRS and PCV2. The costs of this monitoring
system are covered by the sanitary funds. After the results of the ﬁrst
screening, the veterinarian and the farmer must set a speciﬁc farm
health plan. In addition, with the intention to assess the impact of the
farm health plan the veterinarian is asked to ﬁll in a questionnaire
about the kind of farm, batch system used, weaning age, mortality rate,
etc. after and before the farm health plan was instigated.
In the light of the appearance of speciﬁc pathogen free- farms (SPF-
farms) DGZ and the Flemish Association of AI centers designed a cer-
tiﬁcation “PRRS-free AI center” (http://www.dgz.be/programma/
certiﬁcatie-prrsv-vrij-ki-centrum). A farm needs to meet some criteria
in order to be certiﬁed. These criteria relates to: i) infrastructure, ii)
purchase policy, iii) follow up. With regards to infrastructure the farm
must enforce an external biosecurity protocol that prevents PRRS from
entering the farm. In addition, when the animals are bought they have
to be transported to the quarantine stable (which is preferably located
on a diﬀerent farm than the AI center) by a strict PRRS-free transport.
As for the purchasing policy, boars need to be tested three times before
they can enter the AI center. The ﬁrst samples are collected at the farm
of origin. The second test takes place 14 days after arrival to the
quarantine. The last one occurs four weeks after the second one. Only
boars with a sample to positive (S/P) ratio smaller than 0.1 can enter
the AI center. The follow up monitoring also consists of timely collec-
tion of blood samples of 10% of the boars. To consider a boar PRRS-free
the S/P ratio must be smaller than 0.1. If the ELISA results are between
0.1 and 0.2 the sample is tested with ELISA and IPMA. Only if both
results are negative the boar can be kept.
In order to certify a farm as Scabies-free (http://www.dgz.be/
programma/certiﬁcaat-schurftvrij), the farm has to be assessed during
two visits. During the ﬁrst visit the herd veterinarian takes two sam-
ples of ten pigs and preferably two sows/gilts. In addition, 12 ear cotton
swabs from pigs with clinical symptoms of scabies and blood samples of
ten sows/gilts need to be taken. Based on the results of these analyses, a
treatment is prescribed by the herd veterinarian. Seven months later,
the second visit takes place in which the absence of scabies is assessed
by means of the same sampling scheme applied on the ﬁrst visit. To
maintain the Scabies-free certiﬁcation, screenings need to be conducted
every four months.
If a pig farm wants to be certiﬁed as Pasteurella-DNT free (http://
www.dgz.be/programma/certiﬁcaat-pasteurella-dnt-gescreend), nose
cotton swabs samples from several animals (which is dependent on the
farm size) must be collected. These samples are tested with PCR to
detect the dermonecrotic toxine (DNT) produced by Pasteurella multo-
cida. To maintain the certiﬁcate, 12 samples need to be collected by the
herd veterinarian and analyzed with PCR every four months.
CodiplanPLUS (http://www.codiplan.be/nl/landbouwers-loonwerkers/
varkens) is a system managed by the non-governmental organization
Codiplan which manages the sector guides of primary livestock produc-
tion. Farmers who want to export their ﬁnished pigs and piglets to
Germany need to be certiﬁed by CodiplanPLUS which is in agreement with
the German standards Q S (Qualität und Sicherheit). This system consists
of three diﬀerent pillars. First of all the animals must be transported to a
certiﬁed Q S slaughterhouse by a certiﬁed driver and truck. Second, it has
to be guaranteed that the pigs are free of Salmonella. Third, yearly 20% of
certiﬁed farms are subjected to announced audits.
There is evidence that some integrator companies request health
declarations when buying piglets. For instance, the big Flemish feed
mill and integrator DANISnv requests a declaration of vaccination
against Mycoplasma hyopneumoniae and PCV2 when buying piglets. In
addition, some farmers use the Danish system SPF when buying gilts
and piglets.
Unfortunately a common databank from which the veterinarian and
the farmer can download health declarations is not yet available. One of
the strategic objectives of AMCRA is that each farm has a health plan
Fig. 7. Relationship between the main actors and institutions of the Flemish swine health system. Rectangles outlined with black dashed lines represent Institutions from the Flemish
Government. Grey rectangles outlined by grey dashed and dot lines are institutions dependent of the Belgian Federal Government. Black rectangles represent diﬀerent kinds of advisors
(including veterinarians) that provide advice to the pig farmer. White rectangles outlined with a solid black line represent diﬀerent companies, universities and non-governmental
organisations inﬂuencing the system. Arrows between the diﬀerent actors depict the diﬀerent ﬂows of money, services, activities, regulations, and obligations.
aFederal Public Service Health, Food Chain Safety, Environment; bFederal Agency for the Safety of the Food Chain; cAnimal Health Care Flanders; dThe Dutch Speaking supreme council of
veterinarians; eSanitel is a governmental database which contains data on the number of housed animals per farm; fCentre of Expertise on antimicrobial resistance in animals;
gVeterinarian working for the pharmaceutical company; hVeterinary and Agronomical Research Centre; iBreeding companies, artiﬁcial insemination centres, etc.
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(AMCRA, 2014). DGZ has recently designed an Access© data base that
can be used by the veterinarian to create such a farm health plan in
which it is described the current management practices, level of bio-
security, animal health and welfare status as well as the strengths and
weaknesses of the farm (Anon., 2017a). Belpork™ is working further on
this prototype to make it a practical usable online tool. During the
summer of 2018 this database will be pilot-tested by a group of farms
(Anon., 2017b).
3.2. Systemic structural failures and merits
3.2.1. Knowledge infrastructure
The swine health system knowledge infrastructure beneﬁts from the
existence of a high concentration of universities, three veterinary fa-
culties, and research institutions in Flanders. In addition, the Veterinary
Faculty of Ghent University has been ranked as the best in the world
according to the Shanghai Global Ranking of Academic Subjects (Anon.,
2017c). Furthermore, the Pig health department of Ghent Universities is
approved by the European College of Porcine Health Management
(ECPHM; www.ecphm.org) as training institution for standard re-
sidency programs of the college. Swine veterinarians’ education is
mainly focused on health and disease aspects. Nevertheless, for some
years now, the veterinary curriculum has also included training in
economics and other para-veterinary issues.
Universities have frequent interactions with policy-making agen-
cies, levy boards, sector stakeholders, other professional unions, and
associations by participating in research projects. The focus of these
projects are often problems that represent an economic burden for the
pig production sector, public health (antimicrobial use and resistance),
or the environment (reduction of ammonia emissions).
3.2.2. Physical infrastructure
While the roads and motorways are suﬃcient, the frequent occur-
rence of traﬃc jams that aﬀect the rings of big cities (Brussels, Ghent,
and Antwerp), especially at rush hours, prompted complaints among
veterinarians and technical advisors. This also prevented some veter-
inarians from having clients all around Flanders, instead they preferred
to have clients nearby their practice.
Veterinarians and farmers widely use personal computers, tablets,
and smartphones to communicate with each other. For example, often
after each veterinary visit, the veterinarian sends by email a short re-
port in which the issues addressed and treatments instigated are brieﬂy
described.
3.2.3. Funding infrastructure failures and merits
The poor economic incentive provided to remunerate the health
visits (Belgian Gazette, 1995) acted as a barrier for veterinarians to
enter the stables and one veterinarian recognized to complete the
health certiﬁcates ‘on the kitchen table’ and this was corroborated in the
document analysis (De Vliegher, 2013). “On the kitchen table” means
that the veterinarian did not enter the barns to observe the pigs, be-
cause it would take too much time and this would hinder the possibility
to schedule a visit to other farms. While the ﬁnancial compensation
given for the obligatory yearly Aujeszky monitoring was also regarded
as low, several veterinarians saw it as a point of entry to sell their
services to farmers since it obliges them to enter the stables to collect
blood.
Many veterinarians recognized that complying with obligatory ad-
ministrative tasks was extremely time consuming. In particular, re-
gistering the data on the medicines entering and exiting the practice
(Belgian Gazette, 2016). Swine practitioners felt that this legal duty
prevented them from spending more time on the farm providing advice
to farmers. In order to reduce the time devoted to administrative ac-
tivities, all the swine practitioners interviewed except one had admin-
istrative staﬀ who assisted with these tasks. Veterinarians recognized
that the government demanded more from them, but an economic
incentive was not provided. In general, this was disliked by veterinar-
ians, as expressed in the quote below from veterinarian C:
“Last week, there was a meeting with the FASFC, with the government,
and there was also a vet who said we’re not paid for that (ed. for re-
gistering the medication delivered and prescribed in the database) and
asked to the inspector (ed. about solutions) who said ‘ask 1% more for
your medicines’ (laughs). That’s not a healthy situation”
3.2.4. Soft institutions
Most of the interviewed veterinarians regarded the free veterinary
advice provided traditionally by feed mills as a major barrier to get
remunerated for their advice by farmers. This tradition seems to be
diﬃcult to break and is strongly linked to the region. In particular, in
West Flanders, the province with the highest number of pigs (FOD
Economie, 2017), with more than the half of feed mills in Flanders (own
calculation, data not shown- Anon., 2017d) as well as with numerous
swine veterinary practices in Belgium (Maes et al., 2010), the farmers’
willingness to pay for advice and monitoring seemed to be lower than in
other regions with a lower density of pigs and swine veterinarians such
as Limburg or Antwerp. Despite veterinarians’ pessimistic feeling to-
wards farmers preparedness to pay for advice, six out of the nine in-
terviewed farmers stated that they would like to pay for advice from
their herd veterinarian up to €50–100/h. However, when the inter-
views were conducted, only one farmer paid €77/hour, two others paid
a price per visit, and only one veterinary practice requested an hourly
fee. Farmers listed several conditions that advice needed to fulﬁl in
order to be worth paying for: (i) it must have an added value on the
farm, (ii) they must decide when it is necessary, and (iii) it must be
commercially independent (in other words the person who provides
advice should not have a vested interest).
Pre-scheduled appointments represented the most frequent contacts
between veterinarians and farmers. This coincided with the batch
system used (3 or 4 weeks systems), so the pregnancy testing of the
sows was done and this moment was also seized to deliver medicines.
Additionally, during the quarterly health epidemiological visits and the
Aujeszky monitoring the farmer had contact with the veterinarian.
Besides these visits, the number of farmer-veterinary contacts was
limited to few emergencies which farmers linked with a sense of pride.
Thus, the fact of not seeing frequently the herd veterinarian was
considered a proxy for good farm health, so the veterinarian was per-
ceived as a problem solver. However, some farmers realized that the
role of the veterinarian should evolve towards an advisory posture and
have started taking steps to work in this way. Under this advisory model
the veterinarian is seen as a sparring partner with whom issues on the
farm are discussed before problems appear. Having said this, most of
the interviewed veterinarians perceived that their advice had a low
inﬂuence on what happens at the farm, hampering them to insist on
management problems that they had previously identiﬁed, such as
hygienic issues. In addition, veterinarians feared that if they repeated
the same pieces of advice their farmer client would want to discontinue
their commercial relationship. As a consequence, most veterinarians
took a passive role and preferred to intervene only if asked about it.
While swine practitioners can work with an agenda, they still work
approximately 64 h/week, including one day during the weekend, but
emergencies during night are rare. However, only one veterinarian
recorded the amount of time devoted to each activity (e.g. surgeries,
vaccinations, ultrasonographies, driving the car to the farm), and, in
turn, knew the income derived from these tasks. Similarly, pig farmers
also work many hours per week. Whereas, the collection of data on
production costs and key performance indicators is poor (Anon., 2013).
This is especially the case for the feed conversion ratio. The lack of
transparency of some feed mills was hypothesized by veterinarians to
be the reason behind these data scarcity. Said this, this hypothesis
seems unlikely as feed mill companies are eager to achieve a better data
collection of key performance indicators (Anon., 2017e). On a positive
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note, farmers have better data on performance indicators related to the
farrowing period such as stillbirths, litter size, farrowing index, number
of weaned piglets per sow, etc. (Anon., 2013).
3.2.5. Hard institutions failure and merits
Surprisingly, three interviewed farmers had ‘guidance contracts’
with another veterinarian than their own herd veterinarian even
though this is against the law (Belgian Gazette, 2000). In addition,
veterinarians considered that these contracts are “only guiding on paper”,
but did not increase the amount of time that was dedicated to provide
guidance and advice. Some interviewees thought that the fact to choose
to have a guidance veterinarian responded to a practical reason: to be
able to deliver medicines for two months. Another irregularity found in
the present study was that a veterinarian recognized not complying
with the law that obliges veterinarians to deliver personally the medi-
cines to the farmer (Belgian Gazette, 1964). In other words, the veter-
inarian must drive to the farm to deliver the medicines and therefore
they cannot use this time to perform other activities. As a result, ve-
terinarians regarded that adhering to this law (Belgian Gazette, 1964)
hinder them to spend more time on the barns.
Veterinarians had negative feelings towards NGROD that was seen
as an antiquated institution to which they had to pay a high annual fee,
but from which they were getting very little in return. In addition,
negative sentiments of punishment were attached to this institution and
in general veterinarians agreed that it should be restructured or re-
moved altogether.
3.2.6. Strong and weak network failure
The results of the hybrid thematic analysis revealed that farm
blindness was a barrier for veterinarians to provide integrative advice.
This phenomenon occurs when the relationship between the farmer and
the veterinarian has elapsed for a long time. As a consequence, none of
them see the long-lasting problems any more. In this sense, to prompt
collaboration among diﬀerent actors who are not so used to the status
of the farm can aid to provide some new insights on how to solve and to
prevent problems so this strong network will be weakened. This occurs
sometimes, especially when the herd veterinarian invites a pharma-
ceutical company’s veterinarian. In addition, the veterinarian of the
feed mill company can also be invited. However, when the feed mill
veterinarian is visiting the farm, the herd veterinarian is often absent.
3.2.7. Capabilities
According to farmers their herd veterinarian had suﬃcient
knowledge on health-related issues for which they are very well pre-
pared during their veterinary studies. However, farmers thought that
their veterinarians were ill-equipped to provide advice on nutrition,
ventilation, housing, and legal environmental requirements. Some
farmers thought that ‘nobody can know everything’, so when they en-
countered speciﬁc para-veterinary problems, they reached an expert on
these subjects. Yet, other farmers stated that their herd veterinarian
should at least be able to explain the relationship of these para-veter-
inary factors with health. Often farmers requested their veterinarian
economic information with regards to the return on investment of using
one vaccine over another, and some veterinarians could perform these
calculations based on data collected by the farmer. This reﬂects the
eﬀorts of the Flemish veterinary faculties of including economics on
their curriculum and other animal health economic courses organized
by Flemish associations of veterinarians.
Some key informants and some veterinarians working for the
pharmaceutical industry listed the lack of communication skills as a
barrier hampering the veterinarian-farmer client relationship. Farmers
acknowledged the lack of communication skills of their veterinarians
and provided examples of dissatisfaction. One farmer thought that the
messages of his veterinarian lacked a clear point and another disliked
the unfriendly tone used by his veterinarian.
There was a general concern about the abundant ageing pig farmers’
population that does not have a generation successor. In particular,
50% of the pig farmers have declared to not have a renewal for the farm
(Deuninck et al., 2017). However, few interviewed farmers were young
entrepreneurs with University studies.
3.2.8. Market structure failures and merits
A particularly worrying issue was the tight margins that farmers
received for selling their pigs. During the last 3 years, the Flemish pig
sector has been economically challenged which has not only prevented
farmers from implementing costly changes, but also some have been
declared bankrupt, leaving big debts behind, amounting to thousands of
euros with their herd veterinarians. As a result, veterinarians seemed
to have become less permissive with farmers who do not pay timely
their bills.
To be diﬀerentiated from their competitors, feed mills provide free
ancillary services, but these are not directly reﬂected in their bills.
While veterinarians agreed that this lack of transparency was inten-
tional and feed mills have been ‘hiding’ prices of the health advice from
their bills, farmers perceived this as ‘free’ advice. However, when
farmers were triggered to elaborate about the price of these services,
they recognized that they were added to the feed price. Some farmers
were dissatisﬁed with the lack of transparency about these service’s
costs and wished to request ‘naked feed prices’. In other words, they
wanted to pay only for the feed and get other services somewhere else.
Nevertheless, few had succeeded.
There was a general feeling among veterinarians that feed mills
were very powerful. Yet, they acknowledged that they needed them to
pursue their profession, as described in this quote by veterinarian J:
“What is the role of the feed mill in our work? These men have a big
inﬂuence on us. Huge. On our advice, on our way of working. These are
largely inﬂuenced by the feed mill people. I realize that and I also live out
of it. But I think that it should be said. They’re really powerful and they
get involved with too many things that they shouldn’t: about the choice of
medicines, about the choice of vaccines, about everything. They’ve ev-
erything under control.”
Farmers considered that the ﬁnancial incentive of selling medicines
plays an important role when veterinarians provided treatment advice,
hence, entailing a conﬂict of interest. This was indicated by some
farmers as a reason to distrust veterinarians’ advice, as highlighted in
the comment below from farmer D:
“He (ed. the veterinarian) gets advantages because he works with the
pharmaceutical companies. Also, free sampling, he can go to fairs, etc. In
this respect, he is not always transparent. When he proposes a certain
vaccination, you never know whether that’s the best in terms of eﬀectivity
or if there’s another that maybe is cheaper. We know indirectly which
ones are the cheapest, what’s the wholesaler price and to what extent he
has a conﬂict of interest. For example, with regards to the PRRS-vaccine,
every farm has one. With blood samples, you can see if you must vac-
cinate or not, but if he advises you about a certain product you don’t
know whether he’s sincere or his self-interests plays a role.”
Veterinarians recognized that they encountered competing interests
when giving treatment advice as expressed in the quote below by ve-
terinarian D:
“Now we’re a judge and judged, that’s not good, you have to be…because
now in one big farm I say, we have to vaccinate against PRRS,
Mycoplasma and PCV2 to the piglets so I gain more money; but when it’s
not necessary to vaccinate against PCV2 and I gain my money by
working…on an hourly fee, I can say to the farmer you only need to
vaccinate against two diseases, but now we have the discussion, should I
stop with PCV2, I gain less money… and that’s not a good system.”
Veterinarian C acknowledged that the conﬂict of interest could have
a negative eﬀect on reducing the antibiotic use in the future which is
supported by the public opinion and enforced by the government by
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means of a regulation (Belgian Gazette, 2016) prohibiting veterinarians
to use preventive treatments with critically important antibiotics:
“We must reduce our use of antibiotics, but it’s a conﬂicting situation. On
one side, you have to make money, you make money by selling antibiotics
and on the other hand, there’s the government that says there’s still a lot
of antibiotic resistance and you’ve to reduce (ed. the antibiotic use).”
However, several veterinarians recognized that reducing the use of
antimicrobials did not negatively aﬀect their income, because they
started selling more vaccines which are more expensive than antibiotics
so they entailed higher beneﬁts. Whereas, other veterinarians regarded
that vaccinations alone would not be able to compensate for the con-
sequences of reducing the use of antimicrobials. Instead profound
changes in the current farming system will be required, that, in turn,
will demand the involvement of veterinarians by providing integrative
advice about hygienic measures, biosecurity, ventilation, and nutrition.
Thus, the reduction in antimicrobial use can be seen as a catalyst for
veterinarians to ﬁnd new income opportunities and change the current
business model. This is reﬂected in the quote below by veterinarian M:
“I also think that now is the moment (ed. to start charging for advice)
because we talk about the reduction of antibiotics. So, you talk about a
loss of income for the veterinarian. You can try to replace it by vaccines,
but I do not think it is the right way to go. I think you should replace it by
paid advice. But how can you start with that?”
It is believed that the traditional pig veterinarian’ business model
does not allow veterinarians who guide and monitor farms to spend a
lot of time in the barns identifying risk factors to prevent problems,
because the farmer does not pay for this time. Good examples are dis-
eases on which ventilation or climate are at the core of the problem
because detecting them requires spending a considerable amount of
time. However, this devoted time does not yield an economic beneﬁt
because the farmer does not pay directly for it. It may be that the
current veterinarians’ business model hampers them to provide in-
tegrative health advice to the farmer and reinforces a model in which
solutions are based on medicines. In addition, the intangibility of advice
that frequently has long-term and delayed eﬀects may hamper veter-
inarians to charge for it. Whereas, the veterinary pharmacy activity
delivers a tangible good (i.e. the medicine) to the farmer. On a positive
note, the majority of the interviewees agreed that the current business
model of the veterinarian was far from ideal and they suggested some
changes to improve it. For instance, one farmer thought about estab-
lishing a monitoring contract with the veterinarian in which several
goals would be established together. The remuneration of the veter-
inarian would depend on how well these goals have been achieved.
However, this kind of model is forbidden by the NGROD (Code of
Conduct of Veterinarians, 2015). This suggests that farmers are often
not aware of the legislation that applies to veterinarians which may
have to do with the fact that the role of the veterinarian towards public
health and animal welfare may not be suﬃciently addressed in farmers'
training programs. Furthermore, achievement of goals depends on
compliance with veterinarians’ and another advisors’ advice. On the
other hand, several veterinarians proposed to have a system controlled
by a third party to which the farmer will pay a ﬁxed amount per year
per animal and, in turn, this third party will pay the veterinarians. One
controversial measure was to forbid the veterinarians’ entitlement to
sell medicines. While farmers were in favour, veterinarians did not
consider it as a plausible solution and thought that the government
would not let that happen. Veterinarians feared that if this abrupt
change will happen, many swine practitioners would lose their jobs.
Having said this, it is important to note that a conﬂict of interest
may inherently aﬀect anyone who makes a living out selling products to
the pig farmer, name it herd veterinarian, ventilation advisor working
for a ventilation company, feed mill veterinarian, etc.
The existence of a ﬁerce competition among veterinarians to retain
their clients and engage new ones was acknowledged by all the
interviewed veterinarians. This high competition was named by some
practitioners as a “war” to keep the medicines’ prices lower than their
competitors. Veterinarians hypothesized that the reason behind this
high competition was the economics of scale, i.e. the number of pigs per
farm has increased, but the number of pigs in Belgium has been
maintained resulting in less pig farms that need a veterinarian. This
high competition is reinforced by the farmers habit of comparing
medicine’s prices amongst each other and, in turn, they use this in-
formation to negotiate prices of products with their veterinarians. This
phenomenon is highlighted in this quote by farmer A:
“A couple of years ago we started a Facebook group with other pig
farmers to compare the prices of medicines. I used to pay €127 for a box
of Levamisole. You can compare that perfectly with somebody else. That
brand, so much per box. There was somebody who paid €75 for the same
product. So, I sent an email to my veterinarian and he lowered the price
to €77. I was very satisﬁed.”
Furthermore, veterinarians specialized in other species are also part
of the competition. This is particularly the case for veterinarians spe-
cialized in dairy and beef cattle who are sometimes the veterinarians of
a mixed pig farm (i.e. a farm that keeps another livestock species be-
sides pigs). According to swine practitioners’, these veterinarians sell
medicines at the same price as them, but they do not have the expertise
to provide advice. However, it seems that very specialized pig farmers
seek veterinarians with expertise in pig health.
The big number of veterinarians who graduate each year may also
contribute to this high competition. In fact, there have been discussions
on the parliament about implementing several measures to limit the
number of veterinary students that graduate each year and this include
to set a maximum number of students per year, increase the tuition fee
(Anon., 2017f). Moreover, a non-binding entrance exam has been
proposed (Anon., 2017g). Yet, the number of pig veterinarians who
graduate each year from Ghent University is the lowest amongst all the
specialization programs.
3.3. Systemic transformational failures and merits
3.3.1. Demand articulation failures and merits
Some key informants perceived that veterinarians lack the skills to
anticipate and learn about the farmers’ needs because few of them have
seized the opportunity to start working in diﬀerent para-veterinary
areas such as ventilation, climate, and nutrition. In their opinion, if
veterinarians do not harness this opportunity, other professionals such
as bioengineers will ﬁll this gap in the market.
3.3.2. Directionality failures and merits
There was a general feeling among swine veterinarians of being
unrepresented because there is not a good veterinary association that
unites them under a single vision. According to them, the majority of
the members of these unions are small animal practitioners who have
also a negative perception of swine veterinarians. In addition, inter-
viewees regarded one of the unions as unserious. As a result of this lack
of a good veterinary association, swine veterinarians are not well re-
presented at the political level. This was also corroborated by the
document analysis (De Vliegher, 2013). One of the hypothesized rea-
sons is that swine veterinarians are too few (around 120 swine veter-
inarians in Belgium of which 60 are swine practitioners) to have a
strong political representation. Even though since a couple of years ago,
a pig veterinarian association named ‘Pig Veterinarians in Practice’
exists in Belgium, they recognize that they do not have the ﬁnancial
capacity to have a lobbyist who can attend government meetings. In
addition, during the period in which the interviews were condcuted, it
seemed that this association was not so active anymore. Swine veter-
inarians thought that the high competition amongst each other hin-
dered the establishment of long-term strong visions and missions as
highlighted in the quote below by veterinarian J:
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“We have already tried to cooperate (ed. with the veterinarians) within
organizations, but it has always been in vain. There is high competition.
There aren’t many veterinarians. As long as we’re sitting together, we
agree, but when the meeting is ﬁnished, everybody does what he wants. I
also do that. I admit it. It’s a pity”
Unlike veterinarians, farmers have suﬃcient unions that represent
them at the political level. In addition, the Flemish Producer
Organization of Pig Farmers’ goal is to share prices of diﬀerent input
products among farmers to increase their bargaining power.
3.3.3. Policy coordination failures and merits
Impulses have been generated ﬁrst at the sector level and later at the
policy level to strengthen the swine health system by advocating the
collection of information on antimicrobial use that enhances the
treatment decisions of veterinarians, and in turn, supports a sustainable
pig production. A signiﬁcant milestone was achieved when a covenant
was signed in June 2016 among diﬀerent governmental and sector
organizations that agreed with the strategic objectives of AMCRA to
decrease the antimicrobial use (Anon., 2016). Furthermore, in August
2016 a new royal decree laid down the obligation of pig farmers and
veterinarians to register all the medication used from birth to slaughter
(not only antibiotics) being used on the farm, in the Sanitel-med da-
tabase (Belgian Gazette, 2016). Additionally, this new royal decree
forbids the use of critically important antimicrobials for preventive
treatments (Belgian Gazette, 2016). Yet, these compounds can be used
for therapeutic purposes only if strict criteria are fulﬁlled (Belgian
Gazette, 2016). The enforcement of this royal decree in 2016 is con-
sidered to have had an important inﬂuence on the further decrease in
antimicrobial use in 2015 which further approaches the goals of
AMCRA (Van Cleven et al., 2017).
Tensions are originated due to the split in responsibilities between
the Federal and the Flemish government. One example is the issue of
antimicrobial use: while animal health remains a federal duty, livestock
production and animal welfare are the responsibility of the Flemish
government. Some Flemish institutions participate in research projects
and awareness campaigns to reduce the veterinary antimicrobial use.
Yet, the lack of involvement of the Flemish government regarding this
issue is repeatedly a source for discussion at the Flemish parliament and
other fora (Anon., 2017h).
3.3.4. Reﬂexivity failures and merits
Both farmers and veterinarians felt that the policy making process
follows a top-down approach. As a consequence, they shared the sen-
timent of being powerless to stop or alter new policies.
4. Discussion
The results of this study suggest that the Flemish swine health
system is reasonably strong in terms of knowledge and physical infra-
structure, with the exception of big traﬃc jams aﬀecting the rings of the
bigger cities in Flanders that cause major delays while veterinarians
drove from one farmer client to another. On the other hand, several
systemic issues were observed in funding infrastructure, hard and soft
institutions, strong networks, capabilities, market structure, direction-
ality, and reﬂexivity.
The major source of income of the swine veterinarians was the sale
of medicines. This ﬁnding coincides with the results of a previous
survey among Flemish swine vets showing that in average 43% of the
vets’ income is derived from the veterinary pharmacy activities (Maes
et al., 2010). This high dependence on selling medicines to ensure an
income provoked a conﬂict of interest. In this sense, veterinarians ad-
vised to use a vaccine, even though the degree of success of the inter-
vention was not clear, for the sake of gaining money, thereby entailing
a conﬂict of interests. Farmers noticed this phenomenon and in turn,
often distrusted veterinarians’ vaccination advice reducing its
legitimacy. Literature has already reported that a lack of commercial
independency of veterinary advisors diminishes the farmers’ trust in the
veterinarian (Klerkx and Jansen, 2010; Kaler and Green, 2013; Alarcon
et al., 2014; Richens et al., 2015; Duval et al., 2017). As a result,
farmers share medicines’ prices with other colleagues as a means to
better negotiate prices with their veterinarians. This behaviour re-
inforces the high competition that already exists among veterinarians.
Consequently, veterinarians need to be able to deliver the cheapest
medicines in the market in order to retain their farmer clients. This was
also conﬁrmed by the document analysis (De Vliegher, 2013). Under
this regime, quantity prevails over quality, and it may lead to situations
in which skilful veterinarians lose clients because they cannot oﬀer a
suﬃciently low price as compared to their peers. On a positive note,
both farmers and veterinarians mentioned alternatives business models
of advisory services. This result is similar to the study of Duval et al.
(2017) that found that some French organic dairy farmers have decided
to group in cooperatives with contracted veterinarians. However, in our
study veterinarians were very pessimistic about the idea of farmers
paying for advice which is in agreement with the study by Maes et al.
(2010) in which 85% of surveyed veterinarians thought that pig farmers
do not want to pay for advice. In the present study, we found that one
important reason behind farmers unpreparedness to pay for advice is
the ‘free’ veterinary services, indirectly charged on the feed price,
provided by feed mills. The proposal of alternatives models by vets and
farmers may be an indication that both have an intention to change, but
the broader institutional and socio-cultural context does not enable this
evolution.
The lack of communication skills of veterinarians may have origi-
nated at the education level as it seems that not too much attention is
paid to diﬀerent communication techniques in the curricula of the ve-
terinary studies. While the Veterinary Faculty of Ghent University is of
high quality and students have contact with farmers as well as they
need to deliver presentations for their fellow students, this might not be
enough to prepare veterinary students to real world situations. Several
studies from other countries have acknowledged the same shortcoming
in communication skills (Jansen et al., 2010; Bard et al., 2017). To
circumvent this issue, communication sciences are permeating the ve-
terinary ﬁeld to try to ﬁnd eﬀective communication techniques that can
be used by veterinarians to address their farmer clients (Jansen et al.,
2010; Bard et al., 2017).
Several legal regulations were perceived as a hindrance by veter-
inarians mostly because implementing them requires lots of work and
administration, while low or no ﬁnancial incentive is provided. This
issue generated feelings of lack of time when performing the quarterly
health visits. This is worrying in the light that some farmers only see
their veterinarian during oﬃcial visits and may lead to sub-optimal pig
health. This lack of economic incentive is not speciﬁc for Belgium, in
the UK similar issues have been reported (Statham et al., 2013). The
core of these issues lies at the neoliberalist ideas which constitute the
backdrop of agriculture and animal health policies in Europe (Enticott
et al., 2011) and by which both sectors are increasingly exposed to
market forces and mechanisms. Neoliberal management techniques
have altered the old relationship that the veterinarian and the gov-
ernment used to have in which the government provided the main
source of income for the veterinary profession and its main customer,
the agricultural industry (Enticott et al., 2011). The ﬁnancial support
for oﬃcial veterinary activities has shrunk or disappeared, as all state
funded veterinary services have become exposed to neoliberalism
(Enticott et al., 2011). If providing public veterinary services yields
lower beneﬁts that private tasks, these will conﬂict with pursuing a
competitive veterinary business (Statham et al., 2013).
A relevant systemic failure is the lack of a good veterinary union
which can unite all the veterinarians under one voice. As previously
mentioned two main veterinary unions exist in Flanders, yet most of the
interviewed veterinarians did not feel represented by them. As veter-
inary associations are essential to facilitate the dialogue with the
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government, Flemish pig veterinarians, and veterinarians in general,
are missing the opportunity to be more involved in the policy making
process. In addition, negative perceptions were associated with the
NGROD and considered it expensive for what they were getting in re-
turn. This suggests that there was some confusion as regards to the role
of this institution. Rather than representing veterinarians interests, the
NGROD’s main function is to regulate the veterinary profession and
ensure the quality of the services rather than protecting their interests.
Similar issues have been also voiced by UK veterinarians with regards
to the lack of a good union to articulate their interests in front of the
government and a confusion with the dual role carried out by the Royal
Veterinarian College of Surgeons in England which regulates and also
represents their interest (Vet Futures Project Board, 2015).
Farmers agreed that their herd veterinarian was key to transfer
knowledge on health issues and their contact was often limited to
previously scheduled ad-hoc and oﬃcial visits. Besides these, farmers
only requested visits when they had a problem which they have never
faced before. Given that this did not occur very often, they consider it
“a good thing” and a sense of pride was attached to it which resembles
results from previous studies (Kaler and Green, 2013; Richens et al.,
2015; Bellet et al., 2015). An important barrier for veterinarians to
provide integrative advice is the lack of good data on productivity. In
this sense, it is diﬃcult that the veterinarian sets long-term goals with
the farmer. This result is in agreement with the study by Kaler and
Green (2013) who hypothesized that it was diﬃcult for veterinarians to
sell their advice to sheep farmers because they did not keep any records
about production.
Some limitations of this study are worth mentioning. Qualitative
research, like quantitative research, can suﬀer from bias. In our study
only some actors were interviewed. Unlike in quantitative research, in
qualitative research to obtain a representative sample of the source
population is not the most appropriate manner to ﬁnd interviewees
(Flyvbjerg, 2006). This is because typical or average cases do not oﬀer
the richest information (Flyvbjerg, 2006). Having said this, participants
entered the research process at diﬀerent points and suggested by dif-
ferent interviewees, this enabled us to elicit information from diﬀerent
interviewees who had diﬀerent worldviews. Furthermore, the number
of interviews was determined by the principle of saturation. In other
words, we continued interviewing until no new themes emerged from
the interviews. Saturation of themes was achieved which suggests that
our results can be generalizable to the whole Flemish swine health
system. Moreover, in order to further validate our results we validated
the themes emerging from the interviews by using document analysis
and expert consultation. Nevertheless, the results cannot be generalized
to other contexts because other swine health systems are bound to have
diﬀerent actors playing diﬀerent roles. However, the systems thinking
approach applied in the current study can be used to capture a richer
systemic picture of the swine health system instead of focusing on
elements of the system such as the veterinarian or the farmer.
The time-dependency inherent to this study represents a limitation,
because the opinions and experiences of veterinarians are susceptible of
changing over time. However, to the authors knowledge there were not
signiﬁcant changes in the swine health system that would have caused a
change to the interviewees’ answers. In addition, the application of the
integrative framework requires a substantial amount of data from in-
terviews, document analysis and a literature review which take a con-
siderable amount of time.
The inductive themes were categorized into the elements of the
framework based on the most salient features. Yet, the boundaries of
the building blocks of the used framework are not mutually exclusive.
Therefore, another researcher may have placed the inductive themes
under diﬀerent building blocks of the framework. For example, the
conﬂict of interest that veterinarians encounter when providing treat-
ment advice was classiﬁed as a market structure failure, but it could be
argued that it is a hard institution as this phenomenon is the result of
the current legislation that entitles veterinarians to sell and deliver
veterinary medicines to farmers.
We explicitly stated that the philosophical underpinning of our
study is interpretivism which assumes that meaning is constructed by
individuals (Dyson and Brown, 2006) and reality is socially con-
structed. The researchers recognize that their own experiences, back-
ground, and subjectivity inﬂuence and shape their interpretation
(Creswell, 2007). This is part of the research process and is referred to
as reﬂexivity. The knowledge generated from research is co-constructed
by the interviewees and the researchers (Petty et al., 2012). At the other
end of the spectrum of approaches underpinning qualitative research
lays positivism − also known as scientiﬁc method − which is the
foundation of quantitative research and some qualitative research
(Petty et al., 2012). If a study is hinged on positivism, it is assumed that
there is only one reality which is stable and can objectively be measured
and observed in a rigorous and systematic way to develop objective
knowledge (Petty et al., 2012). The positivist paradigm can be char-
acterized as reductionist, logical, and emphasizes on empirical data
collection and based on a priori theories (Creswell, 2007). Under this
paradigm the observer must remain objective by separating his/her
views and experiences. Petty et al. (2012) emphasized that it is im-
portant to explicitly state the paradigm underpinning the research, to
enable the reader to identify the criteria with which the merits of the
study should be assessed. Thus our research results should be evaluated
accounting for the philosophical approach in which we based our re-
search process.
5. Conclusions
This is the ﬁrst study that applies a systems thinking approach to
capture the complexity of the Flemish swine health system. The results
highlight some merits and failures of the system. A remarkable merit is
the coordination of several laws and agreements among diﬀerent sector
stakeholders aimed at reducing the antimicrobial use in the pig sector.
Yet, interviewees identiﬁed several systemic failures such as the tradi-
tion that veterinary advice is also provided ‘for free’ by feed mills and
the shortage of productivity data collected by farmers. Both failures
hamper veterinarians to provide integrative advice that has a tangible
outcome. While few veterinarians have started to charge to the farmer
per hour spent on the farm and per visit, the big majority of them ap-
plied a business model largely based on the sale of medicines. This
entails a conﬂict of interest when advising treatments which are often
distrusted by farmers. On a positive note, both veterinarians and
farmers suggested alternatives to the traditional business model which
may indicate that there is intention to change, but the broader hard and
soft institutional environment does not enable this evolution. The
ﬁndings of this study can be helpful to anticipate the results of new
proposed interventions or policy measures in the Flemish swine health
system and thereby to ﬁne tune them before they are enforced.
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